Aspirin acetylates a variety of sites on both the a and ft chains of hemoglobin S. Nevertheless, the vast majority of acetyl groups become attached to three loci:
We have reported previously (1) that incubation of sickle cell hemoglobin (HbS) (or of HbA) with aspirin leads to incorporation of acetyl groups into the protein. This observation has been confirmed since then by others (2) . On the other hand, it has been reported that this acetylation does not change the oxygen affinity of hemoglobin (2) , contrary to our original impression (1) . If the NH2-terminal amino groups were acetylated, one would expect the oxygen affinity to be modified, since carbamylation of the Val-1 residues has such an effect (3) . In any event, to provide more details on the nature of the reaction of aspirin with HbS and its potential to interfere with sickling, we have carried out enzymatic hydrolyses of the labeled protein and determined the sites of residence of the major portion of the covalently linked acetyl groups.
MATERIALS AND METHODS
Incorporation experiments were carried out at 370 at pH 7.2 in 50 mM buffer made from Bis-Tris [N,N-bis(2-hydroxyethyl)iminotris(hydroxymethyl)-methane]. Aspirin was near 20 mM, and HbS, stripped of 2,3-diphosphoglycerate (4) , was adjusted to 2% final concentration. Radioactively labeled aspirin ("4C in the carboxyl group of acetyl, 6 .60 Ci/mol and warranted isotopic purity of 98%) was obtained from Mallinckrodt Chemical Works. The extent of incorporation of ['4C]acetyl groups was measured by liquid scintillation counting, following the procedure described (1) .
To locate the position of the labeled acetyl groups on hemoglobin, we used standard procedures for peptide separation and analysis. Chromatographic fractionation of hemoglobins was performed essentially as described by Dozy et al. (5) . Hemoglobin samples (40-80 mg) were flushed with carbon monoxide, adjusted to pH 8.5 with 50 mM Tris-HCl buffer (pH 10), and applied to a 50 X 1.2-cm column of DEAESephadex. The column was equilibrated with a buffer of Tris HCl (pH 8.3), containing KCN (100 mg/liter). Chromatography was performed with a linear Trist HCl buffer gradient decreasing from pH 8.3 to pH 4.5. The effluent fractions comprising each of the hemoglobin peaks were pooled and concentrated by centrifugation overnight at 100,000 X g.
Globin was prepared from the hemoglobin fractions by precipitation in acetone-HCl at -20°(6). Globin chain fractionation was performed by column chromatography on carboxymethyl-cellulose at pH 6.7 in 8 M urea as described by Clegg et al. (7) . The protein-containing effluent fractions were pooled and treated with ethyleneimine (7). Urea and other low-molecular-weight substances were removed from the globin solutions by gel filtration through a column of Biogel P-2 equilibrated with 0.5 M formic acid. The solutions were lyophilized and the proteins dissolved in 1% ammonium bicarbonate and digested with trypsin (7).
The tryptic peptides were fractionated by column chromatography on PA 35 resin (Spinco-Beckmanl Corp.) with a linear pyridine-acetic acid gradient as described by Jones (8) . Approximately 10% of the column effluent was directed into a ninhydrin reaction coil and detector, and the remainder was collected in 3.5-ml fractions. Effluent fractions corresponding to the major radioactivity peaks were pooled, evaporated to dryness, and further purified by chromatography on a Dowex 50 X-2 column using the pyridine-acetic acid buffer gradient as before.
For determination of incorporated radioactivity of chromatographic effluent protein fractions, aliquots were supplemented with 0.5 mg of albumin, and 5 volumes of 10% trichloroacetic acid (w/v) were added. The protein precipitates that formed were collected on Millipore filter disks (0.45 um pore size), which were then dried and fastened onto aluminum planchets. Aliquots of effluent fractions from the peptide chromatography were pipetted directly onto stainless steel planchets and allowed to dry. All of the samples were counted in a low-background gas-flow counter (NuclearChicago Corp., Des Plaines, Ill.) with a thin window. A counting efficiency of about 30% was obtained for 14C with this instrument, with a background of less then 2 cpm.
Samples of purified peptides were hydrolyzed in 6 M HCl at 1100 for 24 hr under reduced pressure. A Beckman Spinco amino-acid analyzer model 120C with a digital integrator was used for amino-acid analyses. RESULTS As Fig acetylation that does not modify the charge on HbS, probably due to acetyl ester formation at serine or threonine residues, but the small amount of material so obtained was not examined further.
The fractions in the regions under the horizontal bar of Fig. 1 were pooled, freed of heme, and separated into a and (3 chains. As Fig. 2 Table 1 confirm this interpretation. The a-chain fraction, after aminoethylation, cleavage with trypsin, and passage over a PA-35 column, revealed several labeled peptides (Fig. 3) , the first containing a major portion of 14C label. Its composition, after purification, is also listed in Table 1 Under the conditions of the present experiments, the largest portion of the attached acetyl group is found at flLys 144. In a single subunit this residue is a substantial distance from V Val 1, where CNO -reacts (3). However, if one examines the hemoglobin structure looking down the , dyad axis of hemoglobin (Fig. 4) , the juxtaposition of the COOH-terminal region of one # subunit with the NH2-terminal region of the other makes it evident that Lys 144 is in the vicinity of Val 1 and His 2. It seems likely, therefore, that the acetylsalicylate anion is attracted by the cationic residues in this area. Un- (9) and Arnone (10).
like CNO-, however, acetylsalicylate also has an apolar constituent, the large phenyl ring. In this connection it is of interest to note that inl the vicinity of Lys 144 on a chain are a Tyr (145) and two His residues (143, 146), all providing 7r-electron ring systems caapable of interacting with that acetylsalicylate. It seems likely, therefore, that an acetylsalicylate anion that wanders into the region of Val 1 will be preferentially attracted to the nearby COOH-terminal region of the companion chain, where it would have a longer residence time for the aminolysis reaction. Apolar interactions to stren gthen binding at this site may also be contributed by nearby residues Ala 140, Leu 141, and Ala 142 of the chain. In the presence of the acetylsalicylate anion, interactinig; side chains of hemoglobin may make conformational accommodations to adapt themselves to the presence of the small In the vicinity of (3 Lys 59 one can also find (Fig. 4) 
